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Development of DNA markers of red clover (Trifolium pratense L.) 
and its potential to breeding
Sachiko ISOBE1)
Summary
With the aim of advance the red clover breeding methodology with DNA markers, DNA markers of red
clover (Trifolium pratense L.) were developed and evaluated its potential to breeding. 
??A genetic linkage map of red clover was constructed using RFLP markers from cDNA probes of a
backcrossed mapping population. The map contains 157 RFLP markers and one morphological marker on
7 linkage groups. The total map distance was 535.7cM and the average distance between two markers was
3.4cM. This is the first report of construction of a linkage map of Trifolium species. 
??A high-density genetic linkage map was established with gene-associated microsatellite markers. A
total of 7159 primer pairs were designed to amplify simple sequence repeats (SSRs) identified in four
different types of libraries. Based on sequence similarity, 82% of the SSRs were likely to be associated
with genes. The 1305 selected microsatellite markers as well as 167 previously developed RFLP markers
were subjected to linkage analysis. A total of 1434 loci detected by 1399 markers were successfully
mapped onto seven linkage groups totaling 868.7 cM in length. Each genetic linkage group was linked to a
corresponding chromosome by FISH analysis using seven microsatellite markers specific to each of the
linkage groups as probes. Macrosynteny at the segmental level was observed between the genomes of red
clover and two model legumes, Lotus japonicus and Medicago truncatula, strongly suggesting that the
genome information for the model legumes is transferable to red clover for genetic investigations and
experimental breeding. 
??The transferability RFLP and microsatellite markers to other red clover germplasms were
investigated. The mean values of allele numbers per RFLP and microsatellite marker were 3.3 and 6.5,
respectively. A linkage map was reconstructed with 90 cDNA probes of RFLP markers and 177 primer
pairs of microsatellite markers by 272×WF1680 mapping population, and 301 loci were mapped onto the
linkage map totaling 747.5 cM. All primer pairs of microsatellite markers were mapped onto the same
linkage groups of HR×130 mapping population, while 16% of cDNA probes of RFLP markers were
mapped onto different linkage groups. The microsatellite markers were considered to have high
transferability and universality to breeding materials.
??QTL analysis for winter hardiness and Sclerotinia trifoliorum resistance was performed with the
RFLP and microsatellite linkage maps. The phenotypic traits of the mapping populations, 272×WF1680
and HR×R130, were estimated at National Agricultural Research Center for Hokkaido Region in Sapporo
and All-Russian Williams Fodder Crop Research Institute in Moscow region, Russia. Most phenotypic
traits showed no significant correlation. However, many of them detected significant QTLs on the same
locus of the maps, especially on LG6. We considered that the QTLs on LG6 were a potent region in which
mapped candidate selection markers are related to winter hardiness. 
In conclusion, we developed RFLP and microsatellite markers and constructed two linkage maps of red
clover. The results suggest that the information has a high potential for improving red clover breeding
methodology.y 
1) Forage Crop Breeding Research Team (Hokkaido Region)
?Present address: Kazusa DNA Research Institute?
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